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Ground water is the source of 17 percent of public-water
supplies and nearly 100 percent of the domestic-water supplies
in Michigan (Bedell, 1982). Ground water supplies 43 percent
of the State’s population; however, ground water accounts for
only 4 percent of the total water used in the State because most
supplies for large urban areas are from surface water, particu-
larly the Great Lakes (Solley and others, 1983; Weist, 1978).
Distant from the Great Lakes, water supplies generally are
obtained from ground water. Ground-water withdrawal for
irrigation is about 37 percent of the total water used for
irrigation ( Bedell and VanTil, 1979; Solley and others, 1983).
Ground-water withdrawals in 1980 for various uses, and
related statistics, are given in table 1.

Chemical characteristics of natural ground water in Mi-
chigan are determined primarily by the geologic environment
through which the water flows. Natural ground water general-
ly is suitable for human consumption and most other uses.
Water from glacial deposits, at places, contains large concen-
trations of iron [2.5-5.0 milligrams per liter (mg/L)]; water
from carbonate rocks is likely to be very hard (400-900 mg/L
as calcium carbonate); and water from the Saginaw aquifer in
the Saginaw Bay-Thumb area commonly is very mineralized
(2,000-80,000 mg/L of dissolved solids). Throughout the
State, salty water underlies freshwater at depths ranging from
about 100 ft in the eastern part of the Lower Peninsula to
about 900 ft in the northern part. Average dissolved-solids
concentration of water from bedrock (535 mg/L) is about
twice as great as the average concentration from glacial
deposits (241 mg/L) (Cummings, 1980).

Michigan has identified more than 1,000 sites where
ground water has been contaminated to some degree and an
even greater number of sites where pollution is suspected
(Michigan Department of Natural Resources, 1985). A wide
range of contaminants is involved. At many sites, chlorinated
hydrocarbons and hydrocarbons that are contained in fuel
substances are the contaminants. Nitrates from surface
sources have contaminated domestic ground-water supplies in
concentrations of as much as 30 mg/L at some locations in the
Lower Peninsula (Cummings and others, 1984).

GENERAL SETTING

Michigan is divided into two principal physiographic
provinces. The Lower Peninsula and the eastern part of the
Upper Peninsula of Michigan are in the Central Lowland
physiographic province. These areas are underlain by layered
sedimentary bedrock of Paleozoic and Mesozoic age. The
western part of the Upper Peninsula is a part of the Superior
Upland physiographic province, which is underlain by igne-
ous, metamorphic, and sedimentary rocks of Precambrian
age. Glacial deposits cover most of the State.

Glacial deposits consist of sand, gravel, silt, clay, and
boulders. Sand and gravel, such as in outwash and glaciofluvi-
al deposits, are productive aquifers; mixtures of clay, silt,
sand, gravel, and boulders, which form some till deposits,

Table 1. Ground-water facts for Michigan

[Withdrawal data rounded to two significant figures and may not add
to totals because of independent rounding. Mgal/d = million
gallons per day; gal/d = gallons per day. Source: Solley, Chase,
and Mann, 1983)

Population served by ground water, 1980

Number (thousands)- - - - = = = = = = = = = - - - - . 3,978
Percentage of total population - - - - - - - - - -« - - . 43
From public water-supply systems:

Number (thousands) - - - - - = = - = = = - -« - - - 1,310

Percentage of total population- - - - - - - - - - - - 14
From rural self-supplied systems:

Number (thousands) - - = = = = = = = = = = - « - -

Percentage of total population- - - - - - - - - - - - 29

Freshwater withdrawals, 1980

Surface water and ground water, total (Mgal/d) - - - - - - 15,000
Ground water only (Mgal/d) - - - -« - = -« - - - - - - = 530
Percentageof total- - - - - = = = - - - -« - - - - . 4
Percentage of total excluding withdrawals for
thermoelectricpower - - - - - « = « - - - -« - - - 18
Category of use
Public-supply withdrawals:
Ground water (Mgal/d)- - - - - - - - = - - -« - - - - 220
Percentage of total ground water- - - - - - - - - - - . 41
Percentage of total public supply- - - - - = = - - - - - 17
Percapita(gal/d) - - - - = - - - - - - = - - - - - - 168
Rural-supply withdrawals:
Domestic:
Ground water (Mgal/d)- - - - - - - = - -« - - - - - 160
Percentage of 1otal ground water - - - - - - - - - - - 30
Percentage of total rural domestic - - - - - - - - - - 100
Percapita(gal’d) - - - = = = = = = = = = -« « - - - 60
Livestock:
Ground water (Mgal/d)- - - - - - - = = - - - - - - 17
Percentage of total ground water- - - - - - - - - - - 3
Percentage of total livestock - - - - - - - - - - - - - 77
Industrial self-supplied withdrawals:
Ground water (Mgal/d)- - - - - - = = = - - - - - - - 62
Percentage of total ground water- - - - - - - - - - - - 12
Percentage of total industrial self-supplied:
Including withdrawals for thermoelectric power - - - - 1
Excluding withdrawals for thermoelectric power - - - - 3
Irrigation withdrawals:
Ground water (Mgal/d)- - - - - - = - = - - - - - - - 7
Percentage of total ground water- - - - - - - - - - - - 14
Percentage of total irrigation - - - - - - -« - - - - - - 37

generally are poor aquifers. Lacustrine deposits that are
predominantly sand are productive aquifers; those that are
predominantly clay yield little or no water. In the northern
part of the Lower Peninsula, glacial deposits in some areas are
more than 800 feet (ft) thick; in most other areas in the State,
the deposits are less than 200 ft thick.

In the Lower Peninsula and eastern Upper Peninsula,
bedrock, which underlies glacial deposits and crops out at a
few places, consists principally of Paleozoic shale, limestone,
and sandstone. These rocks have been deformed into a
structural feature known as the Michigan basin (Newcombe,
1933). Sandstone and limestone are productive aquifers and,
where near enough to land surface to be recharged by precipi-

]
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Table 2. Aquifer and well characteristics in Michigan

[Ft = feet; gal/min = gallons per minute. Sources: Reports of the U. S. Geological Survey and Michigan Department of Natural Resources,

Geological Survey Division]
Well characteristics
Aquifer name and description Depth (ft) Yield (gal/min) Remarks
Common May Common May
range exceed range exceed
Glacial aquifers:

Outwash and glaciofluvial deposits: 25-200 400 1-1,000 2,000  Water generally hard; large
Sand and gravel, contains silt iron concentrations common;
and clay in places. deep wells may produce
Mostly unconfined. salty water in places.

Lacustrine sand: Sand, some gravel, 25-100 200 80 - 500 500  Used for domestic supplies in
and interbedded silt and clay. Saginaw Bay and Detroit areas;
Mostly unconfined. is salty in places at depth.

Till: Intermixed clay, silt, sand, 25 -200 400 5-200 200  Primary source of domestic
gravel and boulders; sand and gravel supply in western Upper
lenses abundant in some areas. Peninsula.

Confined and unconfined.
Bedrock aquifers:

Saginaw Formation: Sandstone, 25-300 500 100 - 300 1,000  One of Michigan's most important
siltstone, some shale, limestone, bedrock aquifers; water generally hard;
and coal. Mostly confined. salty in places at depth.

Marshall Formation: Sandstone 25-200 400 100 - 500 1,500  Another of Michigan’s important
and siltstone. Mostly confined bedrock aquifers; salty in
or semiconfined, unconfined at places and at depth.
places.

Silurian-Devonian rocks: 25-150 200 10 - 300 500  Important aquifer in parts of
Limestone and dolomite; some eastern Upper Peninsula;
shale and sandstone. Mostly water commonly hard.
confined.

Cambrian-Ordovician rocks: 25-150 200 10-100 500 Important aquifer in eastern
Sandstone, limestone, and Upper Peninsula; water
dolomite. Mostly confined. commonly very hard; salty

in places and at depth.
Precambrian sandstone: Sandstone 25 - 400 500 5-50 100  Important aquifer in western

interbedded with siltstone.
Mostly confined.

Upper Peninsula; salty in
places.

tation, they produce freshwater. However, where deeply
buried, these sedimentary rocks yield brackish or salty water.
In some places, this brine is pumped for commercial use.

In the western Upper Peninsula, bedrock consists of
Precambrian igneous, metamorphic, and sedimentary rocks.
Igneous and metamorphic rocks generally are poor aquifers.
Most ground-water production in this area is from glacial
deposits and Precambrian sandstone. However, two public-
water supplies are from old mine shafts in the igneous and
metamorphic rocks.

Annual recharge to unconfined aquifers in Michigan
ranges from 3 to 18 inches (in.) and is derived from precipita-
tion which averages 31 in. annually. Some recharge moves to
deep aquifers; however, most flows from shallow aquifers to
nearby streams and accounts for about 55 percent of the
State’s streamflow.

PRINCIPAL AQUIFERS

The principal aquifers in Michigan consist primarily of
glacial deposits and sedimentary bedrock. Characteristics of
the aquifers are described below and in table 2, from youngest
to oldest; their areal distribution is shown in figure 1.

GLACIAL AQUIFERS

Lacustrine Sand Aquifers

Lacustrine sand is the major aquifer along Lake Huron
northwest of Saginaw Bay and in parts of southeastern Michi-
gan. This material was deposited when lake levels were higher
in the Great Lakes basins. Some areas near Saginaw Bay and
in southeastern Michigan are underlain by lacustrine clay,
which yields little or no water. Dissolved-solids concentra-
tions generally range from 100 to 500 mg/L.

Outwash and Glaciofluvial Aquifers

In the northern and western parts of the Lower Penin-
sula, outwash and glaciofluvial deposits generally are thick
and coarse grained; in most of this area, ground-water sup-
plies are abundant. In the western Upper Peninsula, however,
outwash and glaciofluvial deposits tend to be thin and isolat-
ed; many wells in this area fail to yield sufficient supplies
during periods of less-than-average precipitation. Dissolved-
solids concentrations in all areas generally range from 100 to
500 mg/L.
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Figure 1. Principal aquifers in Michigan. A, Geographic distribution. B, Physiographic diagram and divisions. C, Generalized
cross section (A-A’). (See table 2 for more detailed description of aquifers. Sources: A, Farrand, 1982. B, Martin, 1936; Raisz,
1954. C, Compi led by N. G. Grannemann from U.S. Geological Survey files.)
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Till Aquifers

In parts of the western Upper Peninsula, till generally
contains lenses and beds of sand and gravel that provide
sufficient water for domestic supplies. Elsewhere in the State,
till consists of a poorly sorted mixture of rock materials of
little permeability. Dissolved-solids concentrations generally
range from 100 to 500 mg/L.

BEDROCK AQUIFERS

Saginaw Formation

The Saginaw Formation is an important aquifer in much
of the central and eastern parts of the Lower Peninsula. The
formation, which is of Pennsylvanian age, is primarily sand-
stone and siltstone in the Lansing area; it is siltstone and
fined-grained sandstone interbedded with shale, limestone,
coal, and gypsum in the Saginaw Bay area. Near Lansing,
transmissivity of the formation ranges from 130 to 3,300
square feet per day (ftzld) depending on differences in degree
of fracturing, number of bedding-plane fractures, thickness of
the sandstone, and ratio of sand to shale. Sandstone at
shallow depths is more permeable than deeply buried sand-
stone because fractures tend to decrease with depth (Vanlier
and others, 1973). The formation is confined in most places.
Recharge to the formation is primarily through the overlying
glacial and lacustrine deposits. Water of the Saginaw Forma-
tion generally is hard; the average dissolved-solids concentra-
tion of the water is 1,600 mg/L (Cummings, 1980). Dissolved
solids are less (300-800 mg/L) in areas where the aquifer is an
important source for municipal supplies such as the Lansing
area.

Marshall Formation

The Marshall Formation is one of the most productive
bedrock aquifers in the State. The formation, which is of
Mississippian age, is composed of siltstone and fine- to medi-
um-grained sandstone. Transmissivity values for the Marshall
Formation range from 2,700 to 67,000 ft?/d (Vanlier, 1966),
depending primarily on differences in thickness, size, and
number of fractures. Although the Marshall Formation un-
derlies much of the Lower Peninsula, it is used as an aquifer
only in the southern part of the Lower Peninsula and in the
Thumb area; elsewhere in the Lower Peninsula, water in the
Marshall Formation is either too salty for use or other aqui-
fers, closer to the land surface, are used. The formation is
unconfined in some locations but generally is confined or
semiconfined. Recharge to the formation is primarily through
the overlying glacial and lacustrine deposits. Water of the
Marshall Formation generally has a dissolved-solids concen-
tration of less than 500 mg/L.

Silurian-Devonian Aquifers

Silurian-Devonian rocks, consisting principally of lime-
stone and dolomite with some shale and sandstone, are aqui-
fers in the northern and southeastern Lower Peninsula and in
the southern part of the eastern Upper Peninsula (fig. 1).
Transmissivities of these aquifers depend, to a large extent, on
the number and interconnection of fractures and solution
channels and on thickness. Silurian-Devonian aquifers gener-

ally are confined. Recharge to the formation is primarily
through the overlying lacustrine deposits. Water of Silurian-
Devonian rocks generally has a dissolved-solids concentration
of less than 500 mg/L.

Cambrian-Ordovician Aquifers

Cambrian-Ordovician rocks are important aquifers in the
east-central part of the Upper Peninsula. The rocks are
principally fine- to coarse-grained sandstone in the lower part
and limestone and dolomite in the upper part. Transmissivity
values for these rocks depend primarily on lithology and
thickness. Generally, the aquifers are confined. Recharge to
the aquifers is primarily through the overlying glacial deposits.
Dissolved-solids concentrations of water from Cambrian-
Ordovician rocks range from about 150 to 2,000 mg/L.

Precambrian Sandstone Aquifers

Precambrian sandstones are aquifers only in the north-
western Upper Peninsula where they are used by small com-
munities and for domestic supplies. Because they are well-
cemented and interbedded with siltstone and shale, Precam-
brian sandstones yield water primarily from fractures (Van-
lier, 1963). Transmissivity values generally are small. At most
places, the aquifer is confined. Recharge to the formation is
primarily through the overlying glacial deposits. Dissolved-
solids concentrations of water from Precambrian sandstones
are generally less than 1,000 mg/L.

GROUND-WATER WITHDRAWALS AND
WATER-LEVEL TRENDS

Location of major ground-water withdrawals and trends
of ground-water levels near three locations are shown in figure
2. All major pumping centers are in the southern part of the
Lower Peninsula; some tap bedrock aquifers, and others tap
glacial deposits. Ground water is the source of water for 380
public-water supplies. Of these, 70 communities with a total
population of 500,000 obtain water from the Marshall and
Saginaw Formations.

The Lansing metropolitan area withdraws the largest
amount of ground water in the State. In 1983, the city of
Lansing pumped 8.1 billion gallons (gal) from about 125 wells
that tap the Saginaw Formation and unconsolidated glacial
deposits. Four other water-supply systems in the area pumped
4.9 billion gal from about 50 wells. Intensive development of
ground water in the area has produced a 100-square mile cone
of depression. Near the center of the cone, water levels have
declined as much as 160 ft.

Water levels generally decline in response to increases in
pumping and recover as pumping is reduced. This effect, on a
long-term basis, is shown by the hydrograph for Lansing
(location 1). During the period of record shown in figure 2,
the effects of discontinued pumpage from nearby production
wells are shown by a rising water-level trend from 1969 to 1977
in the observation well.
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Figure 2. Areal distribution of major ground-water withdrawals and graphs of annual greatest depth to water in selected wells in
Michigan. (Sources: Withdrawal data from Bedell, 1982; water-level data from U.S. Geological Survey files.)
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GROUND-WATER MANAGEMENT

Two State agencies, the Department of Public Health and
the Department of Natural Resources, are involved in regulat-
ing and managing Michigan’s ground-water resources.

The Department of Public Health, through the county
health departments, issues permits for domestic and public-
supply wells and requires well drillers to submit copies of
drilling records to the county health departments. This
department also monitors the quality of public-water supplies.

The Department of Natural Resources assists ground-
water users by maintaining files of drilling records and by
performing hydrogeologic and ground-water-quality studies.
The Department also maps and describes geologic formations
and monitors mineral wells and subsurface injection of brine.
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